A 23-year-old woman developed aortitis during treatment with adalimumab (ADA) for ileocolic Crohn's disease (CD). The patient complained of a high fever, abdominal pain, diarrhea, hematochezia and arthralgia. Although the ADA therapy resulted in immediate symptom improvement, after six weeks, she again complained of a low-grade fever and abdominal pain, whereas the CD-related symptoms did not worsen. Contrast-enhanced computed tomography revealed thoracoabdominal aortitis, and we therefore started treatment with prednisolone, which immediately improved the fever and abdominal pain. We subsequently tapered the dose of prednisolone and resumed the administration of ADA in order to maintain the CD remission. No further episodes of aortitis relapse were noted after restarting ADA, and the CD currently remains in remission. This is the first report of the onset of aortitis during ADA therapy for CD.
Introduction
Crohn's disease (CD) is a chronic inflammatory disorder of the gastrointestinal tract characterized by the presence of transmural inflammation with granulomatous changes and characteristic endoscopic findings of longitudinal ulcers or 'skip lesions.' CD sometimes presents with extraintestinal complications, including arthritis, uveitis and erythema nodosum. Takayasu arteritis (TA) is a rare granulomatous vasculitis involving the aorta and its major branches. These are chronic inflammatory diseases considered to be immunological disorders. However, the mechanisms underlying the pathogenesis of these conditions remains unknown.
Although the prevalence of CD and TA is estimated to be 1 per 10 billion, cases involving the concurrent onset of both diseases have been reported (1) (2) (3) (4) . It is likely that the pathogenesis of CD is related in some way to that of TA, although this phenomenon is not yet well understood.
Anti-tumor necrosis factor (TNF)-α agents are used to treat both TA and CD, although some patients with CD paradoxically develop TA during treatment with anti-TNF-α drugs (5-7). We herein report the case of a patient with CD who developed aortitis, consistent with the features of TA, despite receiving treatment with adalimumab (ADA) for CD. Ulcer scars were noted in the transverse and descending colon, tending to localize on one side of the wall. The lesions were also distributed discontinuously, with some of them arranged longitudinally. These findings can be regarded as indicating endoscopic remission.
A B C D
enteral nutrition. The patient was subsequently referred to our hospital and admitted. Upon admission to our hospital, the patient complained of a high fever, polyarthralgia and muddy stools. The mean frequency of defecation was approximately four times daily; however, a stool culture showed no causative microorganisms. A physical examination conducted on admission disclosed swelling and tenderness of the ankle joints bilaterally, and indolent erythema was noted on the dorsum of the right foot. One week after admission, another indolent erythematous lesion emerged on the left foot. We believed these lesions to be atypical of erythema nodosum due to the absence of pain and speculated that they may be extraintestinal manifestations of CD.
Laboratory data obtained on admission demonstrated an increased white blood cell count (WBC: 14,200/μL), platelet count (41.8×10 4 /μL), C-reactive protein level (CRP: 8.68 mg/dL) and erythrocyte sedimentation rate (135 mm/h) with normocytic anemia (hemoglobin: 7.8 g/dL, mean corpuscular volume, MCV: 86 fL) ( Table 1 ). In addition, laboratory tests also showed decreased serum total protein (5.5 g/dL), albumin (2.3 g/dL) and total cholesterol (86 mg/dL) levels. Furthermore, the serum iron level was normal (59 μg/dL), while the serum ferritin level was high (328 ng/mL). Therefore, we considered the anemia to be due to hemorrhage and chronic inflammation.
Radiological enteroclysis showed intermittent stenosis and lesions suspicious of longitudinal ulcer scars in the distal ileum (Fig. 2) . Although pathological examinations of the colon performed at the former hospital and our facility did not reveal any signs of granuloma formation, the patient was diagnosed with CD based on the characteristic radiographic and endoscopic findings (Fig. 1B, C) . She did not exhibit any complications of perianal lesions, intraperitoneal abscesses, apparent fistulas or active uveitis. However, she did display polyarthritis and erythematous lesions, likely extraintestinal complications of CD.
In our hospital, we continued the administration of mesalazine at a dose of 3 g/day; however, the patient continued to complain of fever and polyarthralgia. We therefore started treatment with ADA at an initial dose of 160 mg, followed by 80 mg after two weeks then 40 mg every other week for maintenance therapy. The Crohn's Disease Activity Index (CDAI), one of the most commonly used scales to evaluate the activity of CD (8) , at the time of initiation of ADA treatment was 275 (remission: ! 150, mild activity: 151-220, moderate activity: 221-450, severe activity: >450). Three days after the start of ADA, the polyarthralgia markedly improved. Moreover, the frequency of defecation decreased, reaching an incidence of three bowel movements daily five days after the initiation of ADA treatment. Soon thereafter, the serum transaminase level gradually increased. We suspected a diagnosis of drug-induced liver dysfunction and stopped the dose of mesalazine on day 8 after the start of ADA therapy. Consequently, the serum transaminase level decreased, suggesting that the abnormality in this parameter was indeed drug induced. The patient's clinical symptoms did not worsen after stopping mesalazine, and the CDAI decreased, resulting in clinical remission (CDAI <150). Furthermore, the serum CRP level normalized on day 12 after the initiation of ADA.
However, the patient again complained of abdominal pain and a low-grade fever after the fourth administration of ADA. Simultaneously, the serum CRP level rose to 5.71 mg/dL, although the frequency of defecation remained at approximately once daily and no diarrhea was noted. At that time, the CDAI continued to be <150, and she exhibited no symptoms suggestive of perianal complications. These symptoms and laboratory data are atypical of CD relapse. Therefore, we performed abdominal contrast-enhanced computed tomography (CT), which subsequently revealed thickening of the wall of the thoracoabdominal aorta (Fig. 3B ). In contrast, CT did not visualize any active lesions in the intestines or any other abscesses. On a physical examination, we detected an abdominal bruit around the upper abdominal area, which had not been heard at the time of ADA initiation. We thus suspected that the patient had developed aortitis during the course of treatment for CD. Gallium scintigraphy ( Fig. 4 ) and abdominal ultrasonography (Fig. 5A ) also showed findings consistent with those of aortitis. Meanwhile, Doppler ultrasonography showed no abnormalities, thus suggesting that the aorta was not stenotic. Finally, no serum myeloperoxidase anti-neutrophil cytoplasmic autoantibodies (MPO-ANCA) were detectable, and transthoracic echocardiography showed no abnormal findings, including signs of valvular disorders. Based on the increased serum level of CRP, leukocytosis, abdominal bruit and fever, as well as the CT findings of a thickened thoracoabdominal aorta wall, it is possible that the aortitis was caused by TA.
The ADA therapy was discontinued due to the possibility of its involvement in the development of aortitis. Prior to discontinuation, ADA was administered five times (Fig. 6 ). We subsequently initiated the administration of oral prednisolone (PSL) at an initial dose of 40 mg (-1 mg/kg) per day for the aortitis, in accordance with the treatment protocol for TA, and the patient's symptoms and serum CRP level rapidly improved. In addition, the PSL was effective for the aortitis and we therefore tapered the dose according to the following schedule: a daily dose of 40 mg for two weeks followed by 30 mg for one week, 20 mg for four weeks and 15 mg for four weeks. The absence of relapse of the aortitis was confirmed, and we carefully resumed the administration of ADA after tapering the PSL dose to 15 mg/day due to the potential for CD relapse as a result of stopping ADA and tapering PSL. Furthermore, the patient was unable to receive 5-aminosalicylate as maintenance therapy, as it was thought to be the cause of the drug-induced liver dysfunction. No further exacerbation of the aortitis was noted after resuming the ADA therapy, and the dose of PSL was gradually tapered (a daily dose of 12.5 mg for four weeks followed by 10 mg to the present time). Three months after resuming treatment with ADA, at which time PSL had been used for -5 months, we performed total colonoscopy to evaluate the CD activity, which revealed the disease to be in remission, with mucosal healing (Fig. 1D) .
We also performed contrast-enhanced CT approximately 50 days and six months after starting treatment with PSL. Consequently, the thickness of the aortic wall was found to have drastically improved at that time (Fig. 3C) . A slight improvement continued to be noted at six months (Fig. 3D) , with no worsening associated with tapering the dose of PSL. In addition, abdominal ultrasonography, also performed 50 days after the initiation of PSL, showed a drastic improvement in the aortic wall thickness (Fig. 5B) . Currently, the patient has no signs of fever or complaints of diarrhea or abdominal pain, suggesting that the CD is in clinical and endoscopic remission. Furthermore, the activity of the aortitis remains low. The patient continues to receive PSL at a dose of 10 mg/day continuously in addition to ADA in order to maintain a low activity of the aortitis and CD remission, respectively.
Discussion
This case was a rare case of CD in which the patient developed aortitis during treatment with ADA. ADA is used to treat several autoimmune disorders, including TA; however, this case remains rare in terms of the development of aortitis while under ADA therapy. After starting the administration of PSL, the patient's serum CRP level and fever quickly improved, indicating that PSL was effective. It is possible that the inflammation in this case originated from the relapse of CD or the associated aortitis, both of which can improve with PSL treatment. However, the frequency of defecation did not increase, and the patient did not complain of diarrhea. Hence, her symptoms differed from those observed at the beginning of the CD disease course, and we speculate that the inflammation was due to the associated aortitis.
The current patient was diagnosed with CD based on the detection of longitudinally arranged ulcers suggestive of the disease on colonoscopy. In addition, the findings of radiological enteroclysis were consistent with those of CD. As to the differential diagnosis, patients with Behçet's disease also develop uveitis and vascular lesions. Although the current patient had a past medical history of uveitis, no other manifestations observed in cases of Behçet's disease, such as ulcers of the pudendum or aphthous stomatitis, were noted, and typical deep ulcerations in the ileocecal area were not detected. The characteristic endoscopic finding of intestinal Behçet's disease is the presence of oval, clear, deep, punched-out ulcers in the ileocecal region. In addition, vas- cular lesions are commonly seen in the veins in patients with vasculo-Behçet's disease, whereas arterial lesions are rare. Furthermore, aortitis may occur in cases of vasculoBehçet's disease, although it is very rare. Therefore, it is difficult to determine whether the lesions observed in the present case were indicative of vasculo-Behçet's disease or intestinal Behçet's disease, and we cannot completely exclude the 'suspicion of Behçet's disease' based on the Japanese criteria for Behçet's disease. Therefore, the likelihood of this differential diagnosis is low. Another differential diagnosis is intestinal manifestations of TA. There are a few reports describing the onset of intestinal ischemia due to TA (9, 10) . The vasculitis associated with TA occurs in the large vessels, with reported cases involving major branches of the aorta as the responsible lesion, subsequently resulting in extensive intestinal ischemia or necrosis. The longitudinal ulcers in the small intestine detected in this case were located on the opposite side of the mesenterium, consistent with the features of vasculitis, although this is not a specific finding. In the current case, the celiac artery, superior mesenteric artery and inferior mesenteric artery were intact on contrast-enhanced CT, and the disease activity and response to ADA were not parallel between the intestinal lesions and aortitis. Therefore, the intestinal lesions were less likely to be the result of TA, but rather CD. CD often exhibits extraintestinal complications, including uveitis, polyarthritis, primary sclerosing cholangitis, erythema nodosum, pyoderma gangrenosum, psoriasis, autoimmune thyroiditis, thromboembolism and vasculitis. Arthritis is the most common extraintestinal complication, with -20% of CD patients reported to have some form of arthritis. However, the occurrence of vasculitis, particularly in large blood vessels, is a rare complication of CD; TA is a representative example of this. Nevertheless, some cases of CD associated with TA have been reported (1) (2) (3) (4) .
In the present case, the patient's aortitis met some of the criteria for TA defined in the Japanese Circulation Society guidelines, including fever, an abdominal bruit, increased acute-phase reactions and thickening of the thoracoabdominal aorta wall, as shown on contrast-enhanced CT. Accord-ing to the classification criteria of the American College of Rheumatology, two of six criteria, namely an age of <40 years and an abdominal bruit, are met in association when the fulfillment of three or more items for the definition of TA (11) (12) (13) . These criteria include arteriogram abnormalities and occlusion or narrowing of the aorta or its major branches. The current case involved abnormal findings of thickening of the wall of the aorta, but not occlusion or narrowing, on both CT and ultrasonography. Based on these findings, the aortitis could not be diagnosed definitively as TA, but rather possible TA.
In a recent study, anti-TNF-α agents were shown to have a therapeutic effect on TA in addition to CD. To date, >100 cases of refractory TA treated with infliximab have been reported, as well as nine cases of ADA (14) . Meanwhile, only a few cases of comorbid CD and TA, despite the use of infliximab, have been documented ( Table 2 ). The present case is believed to be the first report of a CD patient who developed aortitis while receiving ADA.
Why did the current patient develop aortitis? In retrospect, slight thickening of the wall of the same part of the aorta was noted on CT before starting ADA therapy (Fig. 3A) . Therefore, it is unlikely that the ADA treatment caused the aortitis de novo, although it is possible that it was an exacerbating factor. Another possibility is that the administration of ADA was unable to suppress deterioration of the aortitis without being used in combination with corticosteroids or immunomodulators.
Vasculitis is a rare side effect of treatment with anti-TNF-α agents. However, small vessel lesions are more common. Ramos-Casals et al. reported that 72% of patients who develop vasculitis during anti-TNF-α treatment have concomitant cutaneous lesions (15, 16) . Furthermore, anti-TNF-α agents may also result in paradoxical effects, such as the development of psoriatic skin lesions (17) .
The disease activity of CD and aortitis were apparently independent of each other in this case. Therefore, it is unlikely that the aortitis was an extraintestinal manifestation of CD. In addition, several types of paradoxical effects have been reported in addition to psoriatic lesions, including vasculitis and arthritis (17) . For these reasons, it is necessary to mention the possibility that the vasculitis observed in this case was due to a paradoxical effect.
Another inflammatory bowel disease, ulcerative colitis, is also reported to occur relatively rarely in association with TA. Over 30 cases of concomitant ulcerative colitis and TA have been reported to date (18) , and another report demonstrated that -7% of patients with TA develop inflammatory bowel diseases, including CD or ulcerative colitis (19) .
In the current case, we daringly resumed treatment with ADA in combination with prednisolone, as the administration of prednisolone is inadequate to maintain CD in remission as maintenance therapy and ADA was very effective for the patient's CD. Although it is not definite that ADA therapy was the exacerbating factor in this case, we should continue to carefully monitor the patient in order to establish whether the aortitis worsens after resuming the dose of ADA. It is very important to clarify whether this patient may successfully use ADA because this medication is very effective for CD and was a key drug for maintaining CD remission in this case.
Adding the administration of an immunomodulator was another choice of treatment in this case. However, it is controversial whether immunomodulators should be added to anti-TNF-α agents (22) (23) (24) , especially in CD patients receiving ADA. The rate of remission was found to be higher when using infliximab in combination with an immunomodulator than without in a prospective study of bio-naïve CD patients (25) , although another retrospective study showed no beneficial effects (26) . Currently, it is believed that administering immunomodulators in combination with infliximab has beneficial effects in bio-naïve early CD patients. However, there is not enough evidence to confirm the beneficial effects of applying immunomodulators together with ADA. For these reasons, whether the current patient should receive an immunomodulator is unclear. Since the above medications constitute the first treatment regimen for this patient, we initially did not use an immunomodulator concomitantly.
How to properly adjust the dose of PSL is another important issue. As described above, PSL has no effect in maintaining CD in remission, and we should taper the dose of this drug at this point. However, TA is known to be exacerbated at a high rate when the dose of PSL is reduced. In such cases, immunomodulator therapy is recommended as concomitant treatment. It has been reported that 66-84% of TA patients require immunosuppressive agents, such as azathioprine or methotrexate, in addition to corticosteroids (27) . If the patient's aortitis worsens during the course of tapering PSL, we will consider the concomitant use of an immunomodulator and may be forced to apply PSL at the maintenance dose.
In conclusion, we herein reported a case of CD in which the patient developed aortitis indicative of TA despite receiving treatment with ADA. This case is significant in terms of the pathology of both CD and TA.
